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Suggestions for SG-50 Layer-1 Templates of (n,f) Cross 
Sections, PFNS and Average Prompt-fission Neutron 

Multiplicities and Evaluation Needs

D. Neudecker SG-50, Kick-off meeting, 9/15/2020

Thanks to: all co-authors on the measurement UQ template paper, Chi-Nu, TPC, 
USU paper, PFNS CRP, … 
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V. TABULAR DATA FOR THE NEUTRON
STANDARDS

Tabular data for each of the cross section standards and
the additional cross sections obtained in the cross section
standards evaluation process are given in the Tables XII–
XX. For all the evaluations other than those for the light
element standards, the tabular output is directly from
GMAP. For the 6Li(n,t), 10B(n,α) and 10B(n,α1γ) cross
sections the GMAP output was fitted with EDA code as
described in Sec. A. The tables for those cross sections
were provided as point-wise values from EDA. The H(n,n)
and C(n,n) cross sections had been evaluated using EDA
and the tables are direct output from EDA as point-wise
values.

The evaluation of the 252Cf PFNS obtained from
this work led to only very small changes in the spec-
trum obtained by Mannhart. It is recommended that
the Mannhart evaluation be used for any applications. It
is available at https://www-nds.iaea.org/standards/
ref-spectra/ together with the evaluated 235U ther-
mal prompt fission neutron spectrum. The reference fis-
sion cross sections for 209Bi(n,f), natPb(n,f), 235U(n,f),
238U(n,f) and 239Pu(n,f); and the prompt γ-ray pro-
duction reference Cross Sections for 7Li(n,n’γ) and
48Ti(n,n’γ) will be listed and updated on the site https:
//www-nds.iaea.org/standards/. As noted previously,
the 3He(n,p) cross section was not re-evaluated. The pub-
lication on the 2006 standards [1] contains the 3He(n,p)
evaluation.

The GMAP evaluation estimates a point-wise cross sec-
tion and its uncertainty at energy E using experimental
data in the energy range from E1 to E2. However, for
the 235U(n,f) cross section an integral from 7.8–11 eV
is produced with a node average energy 9.4 eV. The in-
terval corresponding to the node at 0.15 keV starts at
0.1 keV both for 235U(n,f) and 239Pu(n,f) cross sections.
From there on, all intervals are located half-way between
given GMA nodes. The results from 1 keV up to 150 keV
correspond to the average of low resolution experiments.
For the 238U(n,f) cross section below 2 MeV (below the
region where it is a standard) results with a denser grid
are marked by “x” and one corrected point is labelled
by “xx”. Smoothing has been applied for regions where
scatter of data needs to be removed since the standards
should be smooth. For all the tabular data, the values in
the standards energy region are recommended to be used
as standards for measurements. The fitted unsmoothed
values were included into the evaluated ENDF-B/VIII.0
general-purpose files in the standard region.
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(a) 239Pu(n,f) experimental data from 4 keV up to 200 MeV.
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FIG. 37. (Color online) Comparison of the 2017 and 2006
standards evaluations, together with experimental data for the
239Pu(n,f) cross section (a) and for the 239Pu(n,f) to 235U(n,f)
cross section ratio (b,c).
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Examples of nuclear data:

Fig. from Carlson et al., NDS 148, 143 (2018).
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the additional cross sections obtained in the cross section
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GMAP. For the 6Li(n,t), 10B(n,α) and 10B(n,α1γ) cross
sections the GMAP output was fitted with EDA code as
described in Sec. A. The tables for those cross sections
were provided as point-wise values from EDA. The H(n,n)
and C(n,n) cross sections had been evaluated using EDA
and the tables are direct output from EDA as point-wise
values.

The evaluation of the 252Cf PFNS obtained from
this work led to only very small changes in the spec-
trum obtained by Mannhart. It is recommended that
the Mannhart evaluation be used for any applications. It
is available at https://www-nds.iaea.org/standards/
ref-spectra/ together with the evaluated 235U ther-
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sion cross sections for 209Bi(n,f), natPb(n,f), 235U(n,f),
238U(n,f) and 239Pu(n,f); and the prompt γ-ray pro-
duction reference Cross Sections for 7Li(n,n’γ) and
48Ti(n,n’γ) will be listed and updated on the site https:
//www-nds.iaea.org/standards/. As noted previously,
the 3He(n,p) cross section was not re-evaluated. The pub-
lication on the 2006 standards [1] contains the 3He(n,p)
evaluation.

The GMAP evaluation estimates a point-wise cross sec-
tion and its uncertainty at energy E using experimental
data in the energy range from E1 to E2. However, for
the 235U(n,f) cross section an integral from 7.8–11 eV
is produced with a node average energy 9.4 eV. The in-
terval corresponding to the node at 0.15 keV starts at
0.1 keV both for 235U(n,f) and 239Pu(n,f) cross sections.
From there on, all intervals are located half-way between
given GMA nodes. The results from 1 keV up to 150 keV
correspond to the average of low resolution experiments.
For the 238U(n,f) cross section below 2 MeV (below the
region where it is a standard) results with a denser grid
are marked by “x” and one corrected point is labelled
by “xx”. Smoothing has been applied for regions where
scatter of data needs to be removed since the standards
should be smooth. For all the tabular data, the values in
the standards energy region are recommended to be used
as standards for measurements. The fitted unsmoothed
values were included into the evaluated ENDF-B/VIII.0
general-purpose files in the standard region.
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FIG. 37. (Color online) Comparison of the 2017 and 2006
standards evaluations, together with experimental data for the
239Pu(n,f) cross section (a) and for the 239Pu(n,f) to 235U(n,f)
cross section ratio (b,c).
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Prompt Fission Neutron Spectrum= 
Energy distribution of outgoing neutrons

These three observables could be worth studying in SG-50 as 
they form the fission-source term for criticality simulations.
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In PFNS measurements, one usually determines the shape or 
obtains ratio data:

A PFNS (Prompt Fission Neutron 
Spectrum) gives the energy 
distribution of neutrons emitted after 
scission and before the on-set of 
beta-decay.
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As an evaluator I would need from PFNS measurements the 
following information:

Data: Einc, Eout, PFNS/ ratio data, Maxwellian temperatures, TOF length, time 
resolution (or energy unc.), if monitor used: monitor observable + nuclear data 
if shape data are given, observable measured (ratio, shape)
For UQ: what type of measurement (shape, clean/ indirect ratio?), TOF-length 
uncertainty, counting statistics unc., background unc., detector-response unc., 
multiple scattering and attenuation unc., deadtime unc., nuclear-data unc., angular-
distribution unc., impurity unc.

For background information: reference, impurity levels in sample, correction 
factors, sample thickness, known issues, known correlations to other data sets, what 
was corrected (background, multiple scattering, detector response, random 
coincidence, angular distribution, forward boost, deadtime, impurities, neutron-flux 
variations), fission/neutron-detector types, gas in detector, pressure in detector, 
neutron-producing reaction, incoming-neutron source, target-backing material/ 
thickness, target diameter, number of samples, target mass, angular coverage, 
facility, institute, author, methods (incident/outgoing-neutron energy determination, 
background, multiple scattering, detector response, impurities, sample fabrication)
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An (n,f) cross section measures the probability of fission 
taking place:

Absolute measurement Clean ratio measurement

Indirect ratio measurement (e.g., to 10B(n,a))



UNCLASSIFIED Slide 6

As an evaluator I would need from (n,f) cross-section 
measurements the following information:

Data: Einc, Eout, (n,f)/ ratio data, if monitor used: monitor observable + nuclear 
data if converted data are given, observable measured, absolute/ shape, 
normalization observable (if applicable)
For UQ: what type of measurement (absolute, clean/ indirect ratio?), counting 
statistics unc., background unc., detector-efficiency unc., multiple scattering and 
attenuation unc., deadtime unc., nuclear-data unc., angular-distribution unc., impurity 
unc., energy unc., normalization unc., neutron-flux unc.

For background information: reference, impurity levels in sample, correction 
factors, sample thickness, known issues, known correlations to other data sets, what 
was corrected (background, mul. Scatt., stopping power, det. eff., sample roughness, 
random coincidence, angular distribution, forward boost, deadtime, impurities, 
neutron-flux variations, geometry), detector types, neutron-producing reaction, 
incoming-neutron source, target-backing material/ thickness, target diameter, facility, 
institute, author, methods (number-of-atoms-in-sample determination, neutron-flux/ 
energy determination, background, multiple scattering, detector efficiency, impurities, 
sample fabrication), configuration of sample
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The prompt/ total-fission neutron multiplicity measures the 
number of neutrons emitted after fission
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As an evaluator I would need from nu-bar measurements the 
following information:

Data: Einc, nu-bar/ ratio data, if monitor used: monitor observable + nuclear data 
if converted data are given, observable measured, reference to PFNS, time-gate 
open (if gated method)
For UQ: what type of measurement, counting statistics unc., delayed gamma unc., 
false-fission unc., French-effect unc., PFNS unc., background unc., detector-
efficiency unc., deadtime unc., nuclear-data unc., angular-distribution unc., impurity 
unc., energy unc., displacement-of-sample unc., sample thickness, neutron-leakage 
unc., Mn impurities, neutrons lost in cavity and to other reactions,
For background information: reference, impurity levels in sample, correction 
factors, sample thickness, known issues, known correlations to other data sets, what 
was corrected (background, stopping power, det. eff., sample roughness, angular 
distribution, forward boost, deadtime, impurities, neutron-flux variations, geometry, 
delayed gammas, false fissions, PFNS, displ. of sample), fission/neutron-detector 
types and efficiency, tank volumes, diameter of through-tube, neutron-producing 
reaction, incoming-neutron source, target-backing material/ thickness, target 
diameter, facility, institute, author, methods (energy determination, background, 
detector efficiency, impurities, sample fabrication), configuration of sample, flight-path 
length, neutron-beam size
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Last thoughts:

§ Some information might be straight-forward to import from existing EXFOR
files (author, reference, detector type, etc.), other information can only be 
extracted from papers -> that would take a lot of time unless we use ML for text 
identification but this is very tricky and often requires expert intervention.

§ Discussion point for future meetings (maybe some should be discussed at sub-
meetings dedicated to observables?):

• How to best standardize some meta-data?
• What keywords should be used?
• Should we go for a minimum-information structure and then a detailed one 

that is optional?
• What did I forget?

Thank you for your attention!


